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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A semiconductor device characterized by forming an insulating protective layer on said antenna coil in a semiconductor 
device which comes to form antenna coil for radio communications electrically connected in the pad section of said IC chip on the 
upper surface of an insulating layer formed on IC chip. 

[Claim 2] A semiconductor device according to claim 1 characterized by said protective layer consisting of organic insulating 
macromolecule resin. 

[Claim 3] A semiconductor device according to claim 2 characterized by said protective layer consisting of organic macromolecule 
resin which has an elastic modulus of lGPa-lOOGPa within the limits. 

[Claim 4] A semiconductor device according to claim 3 characterized by said protective layer consisting of organic macromolecule 
resin which has an elastic modulus of 3GPa-60GPa within the limits. 

[Claim 5] A semiconductor device according to claim 3 characterized by generating resin with which said protective layer uses as a 
principal component a monomer or a prepolymer which has siloxane association on that spot a polymerization and by making it 
harden. 

[Claim 6] A semiconductor device according to claim 3 characterized by generating resin with which said protective layer uses a 
monomer or a prepolymer containing an epoxy group, an isocyanate radical, a carboxyl group, a vinyl group, an amide group, and at 
least one kind of radical of the alkoxy groups as a principal component on that spot a polymerization and by making it harden. 
[Claim 7] A semiconductor device according to claim 1 characterized by said protective layer consisting of SiN. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows th e wor d which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the semiconductor device represented with the noncontact IC 
card which performs transmission and reception of the signal between the power receipt from a reader writer, and a reader writer by 
wireless. Furthermore, this invention relates to the semiconductor device which the corrosion of an internal antenna material, and/or 
the deformation or damage on an antenna coil portion cannot generate easily at details. 
[0002] 

[Description of the Prior Art] Since semiconductor devices, such as a card mold with which IC was carried, a tag type, or a coin mold, 
are equipped with abundant amount of information and the high security engine performance, spread is progressing by traffic, 
circulation, and information and communication fields. Especially, an external terminal is not prepared in a base, but since problems 
by static electricity which enters from an end-connection child, such as destruction of data, an error of the data based on a poor 
contact, and transceiver impossible, do not occur, the non-contact-type semiconductor device which performs transmission and 
reception of an electric power supply and a signal with radio system attracts recently attention. 

[0003] The structure which fixed the circuit module with which said non-contact-type semiconductor device consists of antenna coil 
52 for radio communications connected to the pad section of the IC chip 51 and said IC chip as shown in drawing 5 to the sheathing 
materials 53, such as vinyl chloride resin, by heat welding is proposed. 

[0004] Although that by which the antenna coil of said semiconductor device generally formed the pattern from that of a conductive 
paste or a metal membrane on the coil coil or the insulating substrate is used, in order to realize a smaller semiconductor device, the 
thing in which antenna coil was formed on IC chip is also proposed (for example, refer to the patent No. 2982286 official report). 
[0005] By the way, as the material, when antenna coil is formed on IC chip, although conductive metals, such as copper and 
aluminum, are used, said metallic material will be easily corroded, if it is left in atmospheric air. Furthermore, when practicality is 
taken into consideration, as for said semiconductor device, it is desirable to prepare a sheathing material, or to embed to resin etc., and 
to use various configurations for them, processing it. However, an antenna portion deforms in the process, or we are anxious about a 
blemish sticking. If the corrosion of an antenna material and/or deformation of an antenna coil portion, damage, etc. occur, the 
electrical characteristics of an antenna will change and the stable communication link property will not be acquired. 
[0006] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the semiconductor device which the 
corrosion of an internal antenna material, and/or the deformation or damage on an antenna coil portion cannot generate easily. 
[0007] 

[Means for Solving the Problem] Said technical problem is solved by forming an insulating protective layer on said antenna coil in a 
siemiconductor device which comes to form antenna coil for radio communications electrically connected in the pad section of said IC 
chip on the upper surface of an insulating layer formed on IC chip. By forming said protective layer, at a production process after 
antenna formation, it can be corroded by atmospheric air or an antenna material can prevent deformation of antenna coil and 
generating of damage. 
[0008] 

[Embodiment of the Invention] Hereafter, the semiconductor device of this invention is explained concretely, referring to a drawing. 
Drawing 1 is the outline cross section of an example of the semiconductor device of this invention. The semiconductor device 1 of this 
invention forms the antenna coil 9 for radio communications electrically connected to the upper surface of the insulating layer 5 
formed on the IC chip 3 in the pad section 7 of said IC chip, and forms the insulating protective layer 1 1 on said antenna coil 9 as 
illustrated. Since an insulating layer 5 does not exist in the portion of the pad section 7, antenna coil 9 is electrically connectable with 
the pad section 7. Said protective layer 1 1 consists of insulating resin which does not have a bad influence on the electrical 
characteristics of an antenna 9. By forming said protective layer 1 1, the deformation of antenna coil 9 and generating of damage in the 
production process after antenna coil 9 formation can be prevented, and handling nature also improves. 
[0009] As an IC chip 3 used for the semiconductor device 1 of this invention, IC chip of arbitration carried in this kind of 
semiconductor device from the former can be used. Moreover, insulating materials, such as polyimide currently generally used by IC 
manufacturing process as a material of an insulating layer 5, can be used. Except for the pad section 7 of the IC chip 3, the whole 
upper surface of the IC chip 3 is covered with the insulating layer 5. 

[0010] Antenna coil 9 is formed in the upper surface of an insulating layer 5. As a formation material of antenna coil 9, although 
conductive metals and conductive pastes, such as copper and aluminum, are mentioned, it is not limited only to these. According to a 
use or a property, a suitable material can be chosen suitably, and antenna coil 9 can be formed. For example, the thing which stuck, 
etched and formed copper foil or aluminum foil as antenna coil 9 on the winding coil which bound copper wire etc. around the curled 
form, or the insulating layer 5, or the thing which printed or plated and formed the conductive paste on the insulating layer 5 is 
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mentioned. As a connecting means to the pad section 7 of the IC chip 3 of antenna coil 9, direct continuation or face down mounting 
by solder welding, wedge bonding, wirebonding, etc. is applicable according to the configuration of said antenna coil 9. Moreover, in 
drawin g 1 , although said antenna coil 9 is illustrated as a monolayer, it can also form an insulating layer 5 and antenna coil 9 in 
multilayer structure. 

[001 1] The semiconductor device of this invention can also connote the electronic-circuitry elements of others, such as a power 
supply, a capacitor, and a resistor, other than the IC chip 3 and antenna coil 9 if needed. 

[0012] The insulating protective layer 1 1 is formed in the upper surface of antenna coil 9. If it is the material which has insulation as a 
material of a protective layer 1 1, it can be used without the exception of an inorganic material (for example, SiN) and an organic 
material. However, in order to acquire higher corrosion resistance, it is desirable to use low organic macromolecule resin for water 
permeability. 

[0013] As for the insulating protective layer 1 1 in the semiconductor device of this invention, an elastic modulus is formed with the 
material of lGPa-lOOGPa within the limits. When an elastic modulus is less than 1 GPa, since elastic recovery is large, in case dicing 
is carried out, the edge of a cutter cannot enter easily, and it is easy to generate a defective. On the other hand, since a degree of 
hardness becomes close to a metal when an elastic modulus is lOOGPa **, it becomes harder than a silicon wafer and cutting with the 
same edge becomes difficult. In case a material with an elastic modulus smaller than lGPa or a material with a larger elastic modulus 
than 100GPa(s) is used from the above reason, the protective layer of scribe area must be removed. If said protective layer is formed 
with the material which has the elastic modulus of lGPa-lOOGPa within the limits, dicing is possible even if resin is in scribe area. As 
for the elastic modulus of said protective layer, it is desirable that it is within the limits of 3GPa-60GPa. It is ideal to form a protective 
layer from the material which has an elastic modulus near the elastic modulus of a silicon wafer. 

[0014] The protective layer 1 1 which consists of organic macromolecule resin in the semiconductor device of this invention is 
generated on that spot by making the resin which uses as a principal component the monomer or prepolymer containing the resin 
which uses as a principal component the monomer or prepolymer which has siloxane association or an epoxy group, an isocyanate 
radical, a carboxyl group, a vinyl group, an amide group, and at least one kind of radical of the alkoxy groups react. What has more 
siloxane association has a larger elastic modulus, and especially the resin that has siloxane association becomes more close to the 
elastic modulus of a silicon wafer. Since said resin has the low coefficient of water permeability, even if it makes thickness thin, the 
high moisture proof effect is acquired, and it can prevent the corrosion of the antenna material by the moisture in air. 
[0015] The above monomers or prepolymers can also be diluted and used with a solvent etc. Moreover, various additives, such as a 
polymerization initiator, a hardening accelerator, a plasticizer, and an extending agent, can also be blended with a monomer or 
prepolymers if needed. 

[0016] As the formation method of a protective layer 1 1, a well-known general method can be used for this contractor, choosing it as 
him suitably. For example, if a monomer or a prepolymer constituent is a coating-like, methods, such as the applying method by print 
processes or the spin coat, the roll coater, the bar coating machine, and the spray coater or dip coating, can be used. 
[0017] After applying said monomer or a prepolymer constituent to the upper surface of antenna coil 9, it can be made to be able to 
harden and a polymerization and/or the protective layer 1 1 which consists of organic macromolecule resin on that spot can be made to 
form a monomer or a prepolymer by the method of well-known common use of heating or UV irradiation. 
[0018] Moreover, although especially the thickness of a protective layer 1 1 is not limited, when the surface is asked for surface 
smoothness, it is desirable [ thickness ] that the thickest portion is 1.2 or more times of the thickness of antenna coil. It is desirable to 
be formed in the surface by the thickness of 0.14 times or more on the other hand, at the whole antenna coil, even when surface 
smoothness is unnecessary. If it becomes thinner than this, the moisture in atmospheric air will trespass upon the interior through a 
protective layer 1 1, and it will become difficult to protect about [ that there is a danger of making antenna coil 9 corroding ], and 
antenna coil from a mechanical impact. 

[0019] Furthermore, in drawing 1 , although the protective layer 11 in the semiconductor device 1 of this invention is formed only in 
the pattern side side of IC CHIBBU 3, even if the protective layer 1 1 is formed in both sides of said IC CHIBBU 3, any problem 
cannot be found. 

[0020] Moreover, in order to cover the whole external surface of the semiconductor device 1 as shown in drawing 1 , another 
sheathing-material layer 13 (refer to drawin g 2 ) can also be given. As an usable sheathing-material stratification material, common 
plastic film, such as polyethylene terephthalate (PET), polybutylene terephthalate (PBT), a polycarbonate (PC), a polyvinyl chloride 
(PVC), polyethylene (PE), polypropylene (PP), polyimide, acrylonitrile-butadiene-styrene copolymer (ABS), nylon 6, and Nylon 66, 
can be used for such a purpose. 

[0021] However, a sheathing-material stratification material is not limited to these. Moreover, said protective layer 1 1 may serve as 
the sheathing-material layer. Therefore, use of a sheathing-material layer is not the indispensable requirements for this invention. 
[0022] Moreover, when using a sheathing-material layer, the easily-adhesive processing and antistatic treatment for aiming at 
improvement in printing nature or handling nature can also be performed to a sheathing-material layer if needed. Such processing is 
common knowledge at this contractor. 
[0023] 

[Example] Hereafter, while an example illustrates this invention concretely, it explains to details further. 

[0024] The insulating layer with a thickness of 3 micrometers was formed with polyimide on the example IIC chip, further, on the 
insulating layer, the electrolysis casting galvanizing method was used and coil-like antenna coil with a height of about 5 micrometers 
was formed with copper. Said antenna coil was electrically connected with IC CHIBBU in the pad section. After forming said antenna 
coil, after applying a 1 liquid type heat-curing mold silicone rebound ace court agent (30% of resinous principles, MEK70%, elastic- 
modulus lOGPa after hardening, siloxane joint content) using a spin coater, it heated for 2 minutes in 150-degree C oven, solvent 
removal **** hardening was performed, and the protective layer was formed. The portion in which the thickness of said protective 
layer 1 1 does not have about 0.7 micrometers and antenna coil on antenna coil was about 3 micrometers. Dicing was performed after 
forming a protective layer and the semiconductor device A of a coin mold as is shown to a cover and drawing 2 by mold with ABS 
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plastics in whole IC CHITSUBU was produced further. 

[0025] The cross section of the configuration I ****** semiconductor device B of this invention is shown in example 2 drawing 4 . 
The insulating layer with a thickness of 3 micrometers was formed with polyimide on IC chip, further, on said insulating layer, the 
electrolysis casting galvanizing method was used and coil-like antenna coil with a height of about 5 micrometers was formed with 
copper. Said antenna coil was electrically connected with IC CHIBBU in the pad section. After having applied the ultraviolet-rays 
hardening resin (elastic-modulus 4GPa after 30% of resinous principles, toluene 70%, and hardening) which has a vinyl group after 
forming said antenna coil using the spin coater, heating in 100-degree C oven for 30 minutes and removing a solvent, ultraviolet 
radiation was irradiated, resin was stiffened and the protective layer was formed. The portion in which said protection layer thickness 
does not have about 1 micrometer and antenna coil on antenna coil was about 6 micrometers, and the surface was in the almost flat 
condition. Dicing was performed after forming a protective layer, IC CHIBBU was embedded by hot press on the card fabricated by 
the vinyl chloride, and the semiconductor device B of a card mold as shown in drawing 3 was produced. 

[0026] The elastic modulus after hardening to example 3 protective layer produced the coin mold semiconductor device C by the same 
method as an example 1 using the EBOKISHI resin (epoxy group content) of 3.2GPa(s). 

[0027] The elastic modulus after hardening to example 4 protective layer produced the coin mold semiconductor device D by the same 
method as an example 1 using the urethane denaturation EBOKISHI resin (isocyanate machine **** epoxy group content) of 5GPa(s). 

[0028] The elastic modulus after hardening to example 5 protective layer produced the coin mold semiconductor device E by the same 
method as Example 1 using the acrylic resin (amino group, carboxyl group content) of 4GPa(s). 

[0029] The elastic modulus after hardening to example 6 protective layer produced the coin mold semiconductor device F by the same 

method as an example 1 using the amide mold silicone resin (an amide group and siloxane joint content) of 10GPa(s). 

[0030] The elastic modulus after hardening to example 7 protective layer produced the coin mold semiconductor device G by the same 

method as an example 1 using the alcoholic mold silicone resin (an alkoxy group and siloxane joint content) of 10GPa(s). 

[003 1] The insulating layer with a thickness of 3 micrometers was formed with polyimide on example of comparison 1 IC CHIBBU, 

further, on said insulating layer, the electrolysis casting galvanizing method was used and coil-like antenna coil with a height of about 

5 micrometers was formed with copper. Said antenna coil was electrically connected with IC CHIBBU in the pad section. After 

forming said antenna coil, without forming, the protective layer performed dicing and produced the semiconductor device H of a coin 

mold as is shown to a cover and drawing 4 by mold with ABS plastics in the whole IC chip. 

[0032] The elastic modulus after hardening to example of comparison 2 protective layer produced the coin mold semiconductor device 
I by the same method as Example 1 using the silicone resin (siloxane joint content) of 0.05GPa(s). 

[0033] The elastic modulus after hardening to example of comparison 3 protective layer produced the coin mold semiconductor device 
J by the same method as an example 1 using 1 lOGPa metal fiber content acrylic resin (amino group and KANOREBOKISHIRU 
radical content). 

[0034] The elastic modulus after hardening to example of comparison 4 protective layer produced the coin mold semiconductor device 
K by the same method as an example 1 using the phenol resin of 7GPa(s). 

[0035] Change of the communication link property after a **** environmental test is shown in a table 1 before and after the dicing 
nature in each semiconductor device produced in the above-mentioned examples 1-7 and the examples 1-4 of a comparison, and 
shaping. The environmental test was carried out under the conditions of 85 degrees C and 85%RH for 200 hours. 
[0036] 
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[0037] The examples [ elastic modulus ] 1-7 using 1 or more GPas the material of 100 or less GPa and the example 4 of a comparison 
had less chipping than the example 1 of a comparison which did not prepare a protective layer, and showed good dicing nature so that 
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clearly from the result shown in the aforementioned table 1. On the other hand, in the example 2 of a comparison which formed the 
protective layer by resin with an elastic modulus smaller than lGPa, since the elastic recovery force of resin was strong, an edge could 
not enter easily, the blinding of a blade arose further, and good dicing nature was not obtained, the example 1 of a comparison which 
did not prepare a protective layer in the example 3 of a comparison which formed the protective layer by resin with a larger elastic 
modulus than 100GPa(s) since the blade doubled with the stiffness of a protective layer was used - a ratio - BECHIPPINGU 
increased. Moreover, the resin which uses as a principal component the monomer or prepolymer which has siloxane association Or an 
epoxy group, an isocyanate radical, a carboxyl group, a vinyl group, Before and after shaping, after a **** environmental test, 
although the semiconductor device of the example 1 which formed the protective layer using the resin which uses a monomer or 
prepolymer including at least one kind in an amide group and an alkoxy group as a principal component - the examples 2-3 of 7 **** 
comparison was not looked at by the communication range, change As for the semiconductor device H produced in the example 1 of a 
comparison, the fall of a communication range was checked after shaping. In the semiconductor device H of the example 1 of a 
comparison, the blemish took lessons from antenna coil, or it is thought that deformation arose. Furthermore, as for said 
semiconductor device H, the communication link was impossible after the environmental test. Since the antenna material corroded 
with the moisture which trespassed upon the interior since the water permeability of ABS plastics was high, this is considered. 
[0038] 

[Effect of the Invention] As explained above, according to this invention, the protective layer which consists of insulating resin was 
formed on the antenna coil for radio communications electrically connected to the upper surface of the insulating layer formed on IC 
chip at the pad section of IC chip. When the elastic modulus formed said protective layer with the 1 or more GPas material of 100 or 
less GPa, dicing was made possible even if the protective layer existed also in scribe area. Furthermore, by having made the resin 
which uses as a principal component a monomer or prepolymer including at least one kind in the resin which uses as a principal 
component the monomer or prepolymer which has siloxane association for said protective layer or an epoxy group, an isocyanate 
radical, a carboxyl group, a hydroxy group, a vinyl group, an amide group, and an alkoxy group react, and having formed, water 
permeability was low and the outstanding moisture proof effect was able to be acquired. Consequently, deformation of antenna coil 
and since it gets damaged, or it can prevent corrosion and handling nature also improves further, a semiconductor device with the high 
reliability by which the property was stabilized is producible. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows ^e word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section of an example of the semiconductor device of this invention. 

[Drawin g 2] It is the outline cross section of the semiconductor device of the coin mold by this invention produced in the example 1 . 
[Drawing 3] It is the outline cross section of the semiconductor device of the card mold by this invention produced in the example 2. 
[Drawing 4] It is the outline cross section of the semiconductor device of the coin mold produced in the example 1 of a comparison. 
[Drawin g 5] It is the outline cross section of an example of the conventional semiconductor device. 
[Description of Notations] 

I Semiconductor Device of this Invention 
3 IC Chip 

5 Insulating Layer 
7 Pad Section 
9 Antenna Coil 

I I Protective Layer 

13 Sheath ing-Material Layer 
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